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Antibodies raised in rabbits to purified cornified envelopes 
(CEs) of cultured hum an keratinocytes reacted in a pe-
ripheral fas hion with the granular and spinous layers of 
human, cow, rat, and mouse epidermis. This reaction could 
not be abolished by absorption of the antibody with pu-
rified human in volu crin to w hich the antibody reacted by 
im munoblot, thus indicating the presence o f an additional 
antigenic determinant(s) . Antibodies raised to C Es of hu-
man epidermis stained the cy toplasm of epidermal cells and 
gave a strong reaction to cytokeratins and a w eak one to 
involucrin, indica tin g tb at in ti ssue the keratins are al so 
cross-linked. 
T he antibody prepared to bovine CEs reacted with ker-
atins, but when absorbed with prekeratin it gave a periph-
eral staining pattern with epidermis and reacted strongly 
with a 126 kD component o f the neutral buffer ex tract o f 
T he co rnifi ed envelo pe (CE) is a chemica ll y resistant, highl y insolubl e pro teinaceous structure located at the inner surface o f the pl as ma m embrane o f keratinizin g epiderm al cells. The structure, also ca lled th e m ar-ginal band in ea rlier morpho logic studies [1 ,2], is 
fo rm ed by cross-lin kin g of soluble and particul ate bo und pro tein 
precursors [3- 5] by an epiderm al transglutaminase (TGase). Re-
cent studies have shown th at one fo rm o f epiderm al T Gase is 
parti cul ate bo und and localized on the cyto pl as mic side of the 
pl as m a m embrane, thus placing the activity at o r nea r the site o f 
CE assembl y [6-8]. 
Several epiderm al pro teins have been iden tifie d as substrates of 
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Abbreviations: 
Antibodies: 
BE-I: conventional antibody to co rnified envelope of bovine snout 
epidermis produced in rabbits 
BE-2: monoclonal mouse antibody to bovine cornified envelope 
HCE- J: conventiona l antibody to human cultu red keratinocyte 
envelope produced in rabbits 
HI- I : conventional antibody to human substrate A (involucrin) 
produced in rabbi ts 
CEo cornified envelope 
OTT: di thiothreitol 
FITC: Auorescein isothiocyanate 
lIF: indirect immunoAuorescence 
SDS-PAGE: sodium dodecyl sul fate-polyacrylamide gel 
electrophoresis 
TGase: transglu tamin ase(s) 
cow snout epidermis and w eakly with 205 kD and 85 kD 
ones . This antibody reacted with hum an in volucrin by im-
munoblot while an antibody to involucrin stained 143 kD , 
119 kD , 113 kD , and 107 kD polypeptides in the bovine 
extract. These latter 3 bands w ere shown to be substrates 
of transglutaminase. Further, a monoclonal antibody to 
bovine CEs reacted with the 11 9 kD and 113 kD bands 
and gave a peripheral staining pattern in the epidermis. 
Proof that the 126 kD protein w as a precursor o f the en-
velope was obtained by preparing an antibody to it and 
demonstrating peripheral staining o f epidermal cell s. 
These results point out the value o f preparing antibodies 
to CE as an additional approach to studying the compo-
sition of CEs and dem onstrate previollsly undescribed 
components in human and bovine tissue. J In vest Dermatol 
89:44-50, 1987 
T Gase [4,5,9-12] and som e of these have been suggested or im-
plicated as precurso rs o f the CE [4,5,9,11,1 2]. The fin din g that 
the hum an protein involu crin was a T Gase substrate and th at an 
antibod y to it could be abso rbed w ith purified C E m aterial led 
to the conclusio n that this pro tein was a m aj o r CE precurso r [4] . 
The ability to abso rb the antibod y to involcurin w ith the CE 
dem o nstrated that at least so m e o f the epi to pes present in th e 
precurso rs were retained in the cross-lin ked CEo 
The purpose o f this paper is to repo rt th e identificatio n o f 
previo usly unrepo rted CE components in human and bovin e ep-
idermis. We furth er show the value o f usin g purified CEs in 
eli citing antibodies to identify soluble precurso r pro teins. B y 
combining these data w ith studies o f TGase substrates we are 
able to develop a m o re comprehensive m o del of the CE o 
MATE RIALS AND METH O D S 
Tissue C alf snouts' were obtained from a local slau ghterh ouse 
and hair-free skin w as rem o ved by sli cing w ith a razor blad e. In 
m ost cases skin slices were soaked fo r 30 min at 4°C in 0.24 M 
NH4C I, pH 9. 5, and the epidermis, free o f dermis, w as rem o ved 
w ith fo rceps [13]. N o rm al human leg skin was o btained fro m 
legs amputated beca use o f tumo rs and th e epidermis w as prepared 
simil arl y . 
Human fo reskin keratinocy tes were cultured usin g the m ethod 
ofRh ein wa ld and G reen 11 4] with s li g ht m odifi ca ti on [15]. Strat-
ified cultures 1-2 w eeks beyond confluence were rin sed exten-
sively w ith serum.-free m edi a and th en harvested w ith a plastic 
policeman . B o vine epiderm al keratinocytes w ere cultured in a 
similar fas hi on . 
Incorporation of Dansyl-Cadaverine C ultured human and 
bovine keratin ocy tes and bo vine epidermis slices w ere ho mog-
eni zed in 50 mM Tris, pH 7.6, containing 1 m M EDTA (Tris-
0022-202X/87/S03.50 opyright © 1987 by The Society for Investiga tive Derm atology , In c. 
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EDTA). The ho m ogcnatc was madc 10 m M in CaC I ~, 2 mM in 
dithiothrcito l (OTT), and 1 Ill g/ m l in dansy l-cadavcrinc. After 
in cubatio n fo r 2 h at 37°C th c reaction mi xturc was ccntrifu gcd 
at 50,000 g for 30 min to o btain a clear supcrnatant. In so m e cascs 
th c Tris-EOTA ho m ogenatc was immcd iately ccntrifu gcd at 
100,000 g for 30 min and ca ll ed th c Tris-EOT A eXCI·act. 
Isolation of CE Bovine ep idcrmis, hum an cp idcrmis, and hu-
man cu lturcd kcratin ocy tcs wcrc ho m ogcnizcd at a ratio o f 20: I 
(v/w) in 100 mM Tris, pH 9.0, co ntaining 2% sod ium dodccy l 
sul fatc (SOS) and 10 m M dithiothrcito l (OTT) and thc ho mog-
enatc hcatcd w ith stirrin g for 2 h at 55°C . Thc suspcnsio n was 
clarifi cd by ccntrifu ga tion at 50,000 ,f? fo r 30 min and thc pellet 
reex tractcd as above 5 additi o nal times. Prote in was undetcctable 
in th e final supcn13tant by thc Lowry method 116J. T he inso lub lc 
rcsiduc was freed of SOS by was hing w ith 95% eth ano l, and th cn 
res uspcnded in 100 mM sodium bicarbonatc buffer. To quantitatc 
the am o unt of CE pro tein an aliquot was hydro lyzcd for 24 h in 
6 N H C I, and the frce amin o acids were m easurcd by the ninh ydrin 
m cth od usin g l-Icucinc as a sta nd ard [17). Thc mi crog ram of 
amino acid was assum cd to cqual that of CE m ateriaL 
Preparation of CE Antibodies Cornificd envclo pe from cach 
so urce (1 m g in 0.5 m l phosp hate-buffered sa line) was emulsi fi ed 
in an cqu al vo lum e of Frcund 's comp letc adjuvant and inocu lated 
S.c. in New Zea land White rabbits. After 8 weeks a boos ter in-
j ecti on of 0.5 m g CE in Freund 's inco mplete adjuvant was givcn . 
A bleedin g was made 1 week later . After 4 add itiona l weeks a 
second booster inj ectio n was g iven and ano th er bleedi ng was 
m ade I weck later. Additio nal bleed in gs were donc on alte rn ate 
weeks. 
A suspensio n co nta ining 50 }1-g of purifi ed CE from bovine 
epidermis in 0.2 ml of Freund 's in co mplcte adjuvant was inj ected 
i.p. into BALI3/c mi ce . The inj ecti ons were repeatcd every other 
week until the m o use serum showed a reacti o n to bov inc cpi-
dermis b y indirect immuno Au o rcscence (II F). After a 2-mo nth 
res t pcrio d the mouse was immunized on 3 successive days. O n 
thc fourth day, anima ls wcre sacrifi ced , splecns rem ovcd , and the 
cells from the splecn fused with N S-1 m o use m yclo ma cells in 
the presence of 37% po lyethy lene g lyco l (M,. (000). M o noclo nal 
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antibodies were developed as described prcviously 11 8, 19J. H y-
bridoma cultures we re screencd for antibod ies that gavc a pe-
riph cral reactio n with bov in c cpidcrmis and one clone was se-
lected, rcclo ncd, and cxpand ed. 
To prepare an antibo dy to dansyl-cadavcrinc a dansy lated pro-
tein from hum an cul tured kcratinocy tes was uscd as the antigen. 
The dansy lated hum an cultured kcratinocytc ex tract was el ec-
tro pho rescd acco rd ing to Lacmm li 120] in 15% po lyacry lamide 
slab gels. The gels were viewed in ultraviolet lig ht and th e dansyl-
cada vcrine-linked pro tein at 14,500 kO previo llsly desig nated 
substrate B il l , 12 1 was identified by its flu o rescence and excised 
from the slab . Substrate B , w hi ch d id not contain dansy l- cadav-
erin e, was prepared fro m the untreated ex trac t in a simi lar manner 
usin g th e dansyJated pro tein as a marker. Proteins were eluted 
from the po lyacrylamide gel usin g the Isco model 1750 sa mple 
concentrato r and in stru ctio ns provided by the m anu fac turer (I sco, 
Linco ln , N cb raska). 
An antibody to th e dansyl- cadaverine- containing protein was 
produccd in BALB/c mi ce by i. p. inj ecti on of 20 }1-g of purified 
fluorcscent antigcn suspended in 0.50 111 1 of Freund's incomplete 
adj uva nt. Mi ce were immunized and hybrido m :l clo nes producing 
antibod ies o f interest were develo ped as descnbcd above. H y-
brido m a cultures were screened by an enzyme-linked immu-
noabsorbent assay fo r antibodics that reacted to thc dan sy l-ca-
daverinc-contain ing po lypcptide but not to the unl abeled one. 
O nc clonc was idcntified that pro.duced an antibody with the 
desircd spccificity. This line was reclo ned and expa nded . 
The rabbit antibod y to hu m an in vo lucrin was one repo rted in 
a prcvious paper 111 1. Its specifi city to in volu crin has been con-
firmed by dem onstratin g that its reactivity is abolished by ab-
sorpti on w ith purifi ed inv o lu crin . 
Additional Procedures E lectropho res is was done in 7% o r 
15% po lyacry lam ide sla b gels acco rdin g to Laelllm Ii (20]. Trans-
fcr of scpa rated po ly peptidcs frol11 po lyacrylamid e gels to nitro-
cell u lose was acco mplished by the m ethod of Towb1l1 et al [21] 
usin g the Bio-Rad Trans B lo t apparatus (BioRad, Richmond , 
Ca lifo rnia). Indirect iml11uno flu o rescence was d one as previous ly 
described [111 . Secondary antibodics for IIF we re Au o rescei n iso-
thiocya natc (F ITC) -conju gated goat IgG to either rabbit or m ouse 
Figure 1. Indirect immunoflu orescence reaction of hul11 an epidermis. A, The reaction of HCE- I. B, The reaction ofl-l CE-1 which has been preabsorbed 
with in volucrin . C, The reaction of HI-I. HCE- I was di luted to 1 :60 and HI- I was di luted to 1:30. 
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Figure 2, Reactio n of HC E- I and HI- l w ith nonhuman epidermis by IIF. A, The reactio n o f HCE- I w ith bovine pcrihoof epidermis. B, T he sa me 
antibody reacted with newbo rn rat epidermis. Reactio n conditio ns and antibod y dilution arc th e sa me as used in Fi g I A. C, T he react.i on o f the antibod y 
to human in volucrin (HI- I) w ith cow sno ut epidermis. The antibod y was used at a d ilution of 'l :30. 
IgG diluted 1 :30. In the case o f immuno blottin g both FITC-
conju ga ted and ho rseradish perox idase- conjuga ted goa t antibod-
ies were used at diluti ons of 1 :60 and 1 :2000, respecti vely. 
RES ULTS 
T he antibod y to th e CE q f the cultured human keratin ocy tes, 
I-I CE-1 , reacted by llF to the epidermis of several species w ith a 
peripheral staining pattern (Fi gs 1, 2). The reactio n was intense 
w ith cell s o f th e stratum corneum and g ranular layer, prog res-
sively decreased in intensity thro ugh th e spinous layer, and w as 
absent in th e basal layer except fo r an occas io nal cell at its upper 
cell m arg in . T he reaction to human epidermis was suggesti ve o f 
the patte rn o bserved w ith 1-1I-1, an antibod y to in volucrin [111. 
When the reacti ons of I-I CE-1 and 1-11-1 w ith human epidermis 
were directl y compared (Fig l AIC)' it was apparent that th e re-
actio n patterns were no t identical. Alth o ug h bo th stained th e 
epiderm al cell peripheries, the CE antibody stained mo re deeply 
into the epidermis. In addition , th e CE antibody reacted w ith 
human (Fi g 1 A), cow (Fig 2A) , rat (Fig 2B), and mouse (data no t 
shown) epidermis, whereas the involu crin antibody reacted strongly 
w ith human epidermis (Fig 1 C), wea kly with bo vin e epidermi s 
(Fi g 2C), and not at all with rat and mouse epidermis. 
I-I CE-l w as reacted with Tris-ED T A extracts o f cultured hu-
man keratin ocytes by the immunoblo ttin g technique [21] . As 
shown in Fig 3, the antibody reacted w ith in volucrin that ran at 
an apparent m o lecular weight o f 143 kD; abso rption o f I-I CE-l 
w ith in volucrin almost to tall y blocked th e reactio n. 
Comparison o f the reaction pattern s to HCE-I seen in Fig 1 Al B 
sho ws a diminution in intensity in the stratum co rn eum and g ran-
ul ar layer but at most a sli ght decrease in th e reacti on o f the 
spinous layers as a consequence o f abso rptio n with invo lucrin. 
T hi s is in contras t to the nea r to tal blockin g o f the reactio n to 
invo lucrin by immuno blo ttin g (Fi g 3). These o bservations dem-
onstrate that HC E-1 reacts not OI~ ly with invo lucrin but also with 
additional epi topes fo und at the periph eries o f th e epiderm al cells. 
We have no t ye t been able to identify these additio nal reactin g 
materi als even by do ing immuno blo tting with to tal SDS ex tracts 
of cc.: ll s (data no t sho wn). 
An tibodies were also prepared to CEs prepared fro m human 
leg epidermis. ImmunoAuorescell ce and immuno blo ttin g studies 
1 2 3 
Figure 3. Reaction o Ci-/CE-1 w ith Tris-E DTA soluble hum an pro teins. 
(1) is the Coomassie brilliant bluc-s tained lanc o f human proteins , which 
was c1ectro pho reti ca ll y transferred to nitrocellulose and reacted in (2) and 
(3). The arrowhead indi ca tes the in volucrin band . (2) shows the reaction 
o f HCE-l w ith invo lucrin . (3) shows the loss of reac tivity afte r preab-
sorptio n o f HCE-l w ith purified involucrin . 
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Figure 4. Idcntification of bovine TGasc substratcs. Lal/es "/ a/ld 2 show 
50 mM T ris. 2 mM EDT A extracts of bovine snout epidermis and lal/ c 4 
shows a similar cxtract of human kcratinocytes. T he extract show n in 
lal/e 1 was made 10 mM in CaCI, . 2 mM in OTT. and was incubated for 
2 h at 37"C. After centrifugation the sample was elect rophoresed and is 
shown in lal/e 3. Arrowhead in lal/e 4 shows the in volu crin band. Armlllhcad 
in lal/e 3 shows material at thc top of the scparting gel. Lil/es betll/cel/ 2 
al/d 3 show the bands which arc present in Ia/les 1 a/ld 2 and decreased or 
abscnt in la/Ie 3. Molccular weight positions arc shown to the Icft of 
lal/e 1. 
sim il ar to those described for HCE-1 were done. T he antibodies 
reacted w ith the supra basa l cells of hum an ep idermis giving dif-
fuse cytop l asmi~ patterns and by immunob lot they reacted strong ly 
With cytokera tJll s of hum an epidermis. A definite but wea k re-
action was observed to invo lucrin . Th is differen ce in the an t i-
bodies produced by cultured keratinocytes and epiderm al tissue 
was repr-od uced using 4 different rabbits and different envelope 
prepa ra tlOns. 
In a previous publication [1 2], we reported that extracts of 
cultured bovine keratin ocytes con ta ined proteins in the 100 kD 
range that could be labeled w ith dansyl-cadaverin e w hen endog-
enous TGase was activated. Proteins of similar molecul ar weight 
were also observed in bovi ne epidermi s and we suggested that 
these proteins might be precursors of the CEo To identify the 
specific proteins of bovine epidermis that could be cross-linked 
by TGase. T ris-EDT A ho m ogenates were m ade 10 mM in CaCl2 
and 2 mM in DTT and incubated at 37°C for 2 h. After rem ova l 
of particul ate material by cen trifu gation. the Tris-EDT A extract 
and in c~bated sa mple supernatan ts were run by SDS- poly-
acry lam lde gel electrophoresis (SDS-PAGE) and their patterns 
compa red. Fig ure 4 demon strates that there was an accumulation 
of hi gh-m o lecul ar- weight material at the top of the gel. w hi ch 
was an ex pected result of cross-linkin g. In add ition there was a 
decrease in the amounts of protein at the 205 kD. 126 kD, 119 
kD , 11 3 kD, and 85 kD positions. T his experiment suggests that 
at leas t som~ of these proteins may be th e TGase substrates g ivin g 
me to the hi g h-m o lecul ar-weight material and potentia ll y to CEs 
111 V IVO. 
An antibody to bovine CE, BE-1, was reacted wi th a Tris-
EDT A extract of bovi ne epidermis separated by SDS-PAGE and 
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Figure 5. Precursors of bovine CEo A, Reaction of BE-I . HI-I . and BE-
2 to proteins of bovine snout epidermis . Bovine epidermis was extracted 
in Tris-EDTA. electrophoresed using 50S-PAGE. and transferred to 
nitrocellulose. Lalle "/ shows the Coomassie-s tained proteins separated by 
50S-PAGE. The iml11un oblot with BE- I is shown in lal/e 2. The im-
l1lunoblot with HI-I is shown in ItIIle 3. The iml11unoblot to the mono-
clonal alltibody, BE-2. is shown in {a/le 4. B, React ion of BE-1 with 
hum an proteins. Tissue was ex tracted. electrophoresed , and transferred 
as in (II). Lal/e 1 shows the Coo massie-sta incd bovine proteins sepa rated 
by 50S-PAGE and 2 the proteins of cu ltured human keratinocytes. Lalle 
3 is the imI11unoblot of lal/e 2 using BE- I showin g a reaction to hum an 
in volucrin . 
Figure 6. Reaction of BE- I (absorbed) with bovine epidermis by II F. 
BE-I waS absorbed with bovine prekeratin as describcd in /li/alerill is a/l d 
Methods. T he antibody was thcn reacted with bovine epidermis at a tota l 
dilution of 1:60. 
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transferred to nitrocellul ose. A 126 kD band was the m aj o r re-
acti on product but additi onal weak bands were seen at 85 kD and 
205 kD (Fig SA). By IFF, BE-l stained th e cy topl as m of bovine 
epidermis (data not shown) similarl y to th at o bserved w ith an-
tibodi es to cy to keratin s [22 1. Sin ce BE-l d id , in fact, react to 
purifi ed bovine keratin by the O uchterl o ny techniqu e and il11-
l11 unob lo ttin g, it was absorbed with bovi ne prekeratin and then 
reacted w ith bovine sno ut epidermis. As shown in Fig 6, pe-
ripheral stainin g of the cells of th e upper layers of the epidermis 
was observed . T his absorbed antibody gave th e id enti ca l reaction 
pattern with the Tris-EDT A extract of bovine ep idermis as shown 
in Fig SA fo r the un absorbed antibody . Furthermore, an an tibod y 
to prekeratin ga ve no reaction to the Tri s-EDT A extract. BE-l 
w as also reacted w ith a Tris-E DT A extract o f cultured bovine 
kerat inocytes and gave strong stainin g of a 126 kD band and w ea k 
stainin g o f 205 kD and 85 kD ones (Fig 7A). 
T he antibody to hum an invo lu crin , HI-i, reacted by immu-
no blo t to th e Tris-EDT A extract of bovine epidermi s as shown 
in Fig SA. It stained bands of 143 kD , 11 9 kD, 11 3 kD , and 107 
kD. T hat the 143 kD band was an in volu crin-li ke protein was 
supported by the findin g th at BE-I reacted w ith a band in the 
Tris-EDT A of cultu red human keratinocy tes w ith a m o bility of 
143 kD (Fig 58) that was unequivocall y identified as in vo lucrin 
by its im mu no logic reactivity to th e antibody to in vo lu crin. T he 
mono clo nal antibody prepared to bov ine snout CEs, BE-2, re-
acted w ith the 11 9 kD and 11 3 kD band of the Tri s-EDT A extract 
of sno ut epjdermis (Fig SA) . B y immu nofl uorescence, it stained 
th e periphery of cells in the lower cornified and upper spi no us 
layers similarl y to the sta inin g o bserved w ith the involucrin an-
tibody (F ig 8). T hi s is furth er evidence that th ese polypeptides 
are incorpo rated into the co rnifi ed cell envelo pe. 
205kd .. 
143 kd~ 
116kd~ 
66kd~ 
45 kd~ 
1 2 
A 
1 2 
B 
Figure 7. Immunologic reactions of cultured bovine keratinocytes. A, 
Reaction orBE-1 with proteins of cultured bovine keratinocytcs. Kcrat-
inocytes werc extracted in T ris-EDTA buffer, e1ectrophorcscd, and trans-
ferred to nitrocellu lose. Lalle 1 shows the Coomassie-sta ined protcins 
scparated by SDS-PAGE and lall e 2 the imlllunobiot using 13E-1. B, 
Reaction of the monoclonal antibody to dansyl-cadavcrine with the dan-
sylatcd proteins of cultured bovine keratinocytes. Dansylacion was done 
as described in Ma terials alld MefllOds and the homogena te ccntrifuged. 
T he supernatant was e1ectrophorescd usin g SOS-PAGE and transfcrred 
to nitrocellulose. Lane 1 is the Coo Ill 3ssic-s tained' dansylated proteil1s 
scpara ted by SDS-PAGE and lall e 2 the immu l1 oblot with the monoclona l 
antibody. 
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Figure 8. Reaction of I3 E-2 with bovine epidermis. Conditioned mcdiUI11 
was concentrated H)-fold and thell reacted with bovine epidcrmis . 
. In o rder to d etermin e w hich polypeptides co nta in ed the amine 
acceptor site, bo th cultured bo vin e keratinocy tes and bov ine snout 
epiderma l Tris-EDT A ho mogenates we re incubated w ith dansyl-
cadaverine, CaCh, and DTT. After centrifugation , the Tris-EDT A 
and in cubated sa mpl e supernatants were exa min ed by ill1ll1uno-
blo ttin g w ith th e m onoclo nal an tibody to dans yl-cadaverine. Fig-
ure 7 B shows th e res ults with cul tured keratin ocytes and revea ls 
tlut the 126 kD, 11 9 kD , and 107 kD bands have beco m e stron gly 
labeled; the re w ere a number of w ea kly labeled bands including 
one at 205 k D. Sin}il ar results were obtained w ith the bovine 
ep idermis except that there was a weak ly stained band at 143 kD, 
w hich was no t present in cultured cells. 
To furth er co nfirm that the 126 kD polypeptide was a CE 
precurso r, an antibo d y w as m ade directl y to this polypeptide. An 
ex tra ct of co w epidermis w as electro phoresed in a 7% SDS po ly-
acryla mide gel, tran sferred to nitrocellul ose, and sta ined with Fast 
G reen. The 126 kD Fast G reen-sta ined band was excised w ith 
scissors and implanted un der the back skin o f BALB/c mi ce. 
Strips were imp lanted every 2 weeks and mice w ere bled through 
the tai l 1 week after each boost. After th e third inserti on , o ne of 
the mi ce produ ced an antibody to the 126 kD band. This serum 
reacted to cow epidermis by stainin g the periph ery o f cells in the 
upper layers of th e epidermi s (Fig 9). This reacti o n was identi ca l 
to th at observed w ith invo lucrin aga inst hum an epidermis and 
indica tes th e 126 k D band is a component of CE of bovine epi-
derm is. 
D ISC U SSIO N 
The protein m ost widely accepted as a CE precurso r is th e hum an 
protein , inv olu crin [4]. T his prote in was shown to be a T Gase 
substrate by its labelin g w ith ethanolamin e, putrescine, and dan-
sy l-cadaverine [4,2JI and its disappearan ce w hen th e lys ine analog 
w as not included. The antibody m ade to it reacts peripherall y 
w ith the keratini zing cell s o f epiderm is and ca n be absorbed w ith 
purifi ed CE m aterial. Incubati o l{ ex periments in which cultured 
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Figure 9. Reaction of the antibod y to the 126 kD polypeptide with bovine 
epide rmis by ifF. T he anti bod y to the 126 kD ba lld was d iluted I :30 and 
reacted w ith bov ine snoll t epidermis. 
human keratinocytes were induced to differentiate showed th at 
several membrane-associated pro teins decreased . Antibodies to 2 
o f th ese could be abso rbed with C E material, thus also impli ca tin g 
th em as envelope precurso rs [51. 
Although seve ral pro teins have been identified as poss ible en-
velope precursors using strategies similar to the one outlined, it 
is clear th at this approach has limitations. Incubation experim ents 
w ith lys ine analogs are capable of detectin g o nl y those proteins 
that become cross-linked th rough their g lutamine g ro ups. In-
cubation ex perim ents o mitting lysine analogs would detect lysine 
donors as well , but decreases in specific pro teins could be due to 
mechanisms other than isopeptide bond fo rm ation . T he mos t 
likely o f these would be simple pro teo lys is. A third pro blem is 
that all T Gase substrates may no t contribute to the C E; this is a 
very real possibility since epidermis contains at leas t 2 T Gase [6- 81 
that may have different fun cti ons and , therefo re, different sub-
strates . 
The use of antibodi es prepared to purifi ed hum an C E material 
in conjun ction w ith meth ods based on T Gase ac ti va ti on confirms 
beyond any reasonable doubt that in vo lucrin is a major com-
ponent o f the CE of bo th cultured keratinocy tes and epidermi s. 
These antibodi es have also identi fied an antigeni c determinant(s) 
no t found in in volucrin th at is pre ent in a number of species. 
We have not been able to identify thi s antigen(s) in ex tracts o f 
either cultured keratinocytes o r epiderm is. Failure to find o th er 
antigens may be the res ult of epitopes being alte red by the den-
aturation th at occurs in the il11l11un oblot technique. This can be 
overcom e by do ing immunoprecipitati on w ith extrac ts of tiss ue 
th at have been labeled with radioacti ve amino acids and th en 
performin g auto radiog raph y after SOS-PA GE. Such studi es are 
in prog ress. 
A strikin g difference w as observed between the antibodies 
produ ced to the SOS-buffe r insoluble pro teins of cultured kerat-
inocytes and epide rmis. Antibodi es to cultured cells showed no 
reactivity to cytokeratins either by IIF or immunoblo tting, whereas 
the latter did . T his indicates that so me cytokeratin s become in-
soluble durin g co rnifi ca tion of the epidermis. These studies ca n-
no t determine w hether cytokeratins are inco rporated into the CE 
or cross-linked independentl y. Since cytokeratin s ex tend fro m 
th e cytosol to th e des mosomal plaque [24] and the C E form s 
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below th e plas ma membrane, it is not unreaso nable to expect th at 
some keratins mi ght become cross-linked by T Gase to the CEo 
Previous studies have indica ted that keratins are substrates fo r the 
enzy me, and cross-linked adducts between keratin and epiderm al 
fi laggrin may fo rm in vitro [25]. It has not been determined 
whether similar adducts between keratins and CE precurso rs ca n 
be fo rm ed. A possible way o f stud ying this problem is to parti all y 
deg rade the envelopes w ith pro teoly tic enzy mes and to determin e 
whether there are brea kdown products that react both to anti-
bodi es to cytokeratin as well as involucrin or o ther envelope 
components. 
T he fa ilure to detect antibodies to cy tokeratins using the SOS-
bu ffer insoluble pro teins of cultured keratinocy tes as antigens is 
ano th er indica tion that di fferentiati on is no t as complete as in 
epidermis, o r proceeds along different lines. It is known th at 
cultured cell s do not produce a thick stra tum corneum layer and 
little 67 kO cytokera tin is fo rmed [151 . Furthermo re, profil agg rin 
is produ ced in onl y small amounts and it is no t processed to 
fil aggrin as in no rmal epidermis [1 9,26]. Thus, although cultured 
keratinocy tes are valuable fo r man y studies of epidermal cell di f-
ferentiation and functi on, they are not a complete substitute for 
epidermis. 
The antibodies prepared to SOS-inso luble proteins of bovine 
epidermis we re similar to human ones in th at they reacted w ith 
cytokeratin s. When absorbed w ith bovine prekeratin they stained 
th e periphery of cells o f the upper la yers of th e epidermis, sug-
gestin g th at they also reacted to antigens of the CEo When this 
antibody, BE-1 , was reacted w ith Tris-EOTA extrac ts of bovine 
snout epidermis by immunoblot, a 126 kO polypeptide was strongly 
stained but wea k reacti ons were detected to 205 kO and 85 kO 
components. The 126 kO component w as los t when epiderm al 
homogenates were incubated under T Gase activating conditions, 
it inco rporated dansyl-cadaverine, and an antibody prepared against 
it stained the upper la yer o f the epidermis in a peripheral fashion . 
This is compelling evidence that the 126 kO polypeptide is a maj or 
component of the C E of bovine epiderm is. 
An un expected findin g w as that BE-1 reacted w ith human 
in volucrin. This pro mpted us to tes t the antibody to in volucrin , 
HI - 1, to Tris-EOT A extracts of bovine epidermis w here it was 
found to react to 143 kO, 11 9 kD, 11 3 kO , and 107 kO pol y-
peptides. The latter 3 bands were shown to either incorporate 
dansy l-cadaverine o r be reduced in intensity w hen ho mogenates 
were incubated under T Gase activatin g conditions . These results 
sugges t that the 4 pol ypeptides are immunologica ll y related and 
may fun ction as precursors of the C E in cow epidermis. Addi-
ti onal evidence to support thi s concept fo r th e 11 9 kO and 11 3 
k O components was the reactivity of the BE-2 monoclonal an-
ti body, w hi ch ga ve peripheral staining of the epidermis by IIF 
and reacted w ith the two bands. The relati ve importance o f the 
143 kO , 11 9 kO , 11 3 kO, and 107 kO peptides compared to the 
126 kO one cann ot be ascertained beca use the reacti vity of BE-I 
may be more a reflection of the availabili ty of anti genic sites than 
the amount of pro tein present. 
Prio r studies on the precurso rs o f CEs in bovine epidermis had 
sugges ted a pro tein of 36 k 0 , ca lled keratolinin , was a maj o r 
component [9]. This polypeptide w as shown to be a substrate fo r 
T Gase bo th by its ability to become cross-linked and to incor-
po rate dansyl-cadaverin e. Evidence that it was incorporated into 
the envelope was primaril y dependent on the reactivity o f its 
antibody to secti ons o f epidermis. Cytoplas mic staining of the 
li ving layers and peripheral staining o f stratum co rn eum cells was 
observed. These findin gs are consistent w ith kerato linin 's pro-
posed ro le as an envelope precurso r; however, absorption studies 
o r immunoelectron microscopy may be necessa ry to firml y es-
tabli sh this. BE-I did no t identify any pol ypeptides below 85 kO. 
However, this does not rule out kerato linin's participation in 
envelope assembl y, since th e protein mi ght be less anti geni c in 
the envelo pe stru cture. Mo re sensitive methods such as the de-
velopment of m onoclonal antibodies to the CE may be necessa ry 
fo r its detection. 
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